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Abstract With an area of 56×104 km2, the Tarim Basin is the largest inland basin in China 
and is also generally acknowledged as one of the most important areas for potential oil and 
gas exploration. On the basis of data from 22 regional seismic profiles and 40 drilling wells, 
15 important first-order and second-order regional unconformities were defined. Almost all the 
main unconformities are superimposed unconfomities. Since the Cambrian, 5 key periods of 
tectonic change have occurred during the evolution of the Tarim Basin. The total eroded stratal 
thickness of the above-mentioned unconformities was calculated by using the method of virtu-
al extrapolation of seismic reflection. The results indicate that the total eroded stratal thickness 
of different periods is quite different in different locations of the basin. Taking the Upper-Middle 
Ordovician as an example, its thickness restoration of eroded strata was calculated into indi-
vidual stages i.e. its thickness restoration of eroded strata was calculated to different tectonic 
periods. Otherwise, as for the specific period of tectonic change, the underlying strata were, 
respectively eroded and thus the thickness restoration of eroded strata was calculated into 
individual intervals. Taking the Early Hercynian period as an example, the eroded stratal thick-
ness was calculated into individual intervals to calculate the ratio of intervals of various ages 
occupying the total eroded thickness. The results show that for the same stratum, its degree 
of erosion is quite different in different periods and at different locations, due to the varying 
influence of tectonic movement. The unconformities of some key periods of tectonic change 
have different controls on the degree of erosion and the eroded range of the individual period 
of the underlying strata which are the typical characteristics of multi-stage superimposition of 
unconformities in the Tarim Basin.
Key words Tarim Basin, extrapolation of virtual surface, key period of tectonic change, 
superimposed unconformity, restoration of eroded stratal thickness
1 Introduction*
The Tarim Basin, with an area of 56×104 km2, is the larg‑
est inland basin in China and is also generally acknowl‑
* Corresponding author: Associate Professor. 
Email: lhcugb@163.com
Received: 2012‑03‑20 Accepted: 2012‑06‑18 
edged as one of the most important areas for potential 
oil and gas exploration (Fig. 1). The third‑time resource 
assessment evaluated the potential oil and gas resources 
quantity as 229.41×108 t oil equivalent, oil as 115.72×108 t, 
and gas as 113 691.81×108 m3. The oil to gas ratio of the 
resource equivalent is 1:98. By the end of year 2006, 19 
oilfields and 23 gasfields had been discovered in the Tarim 
Basin. Cumulative proven oil reserves is 10.80 ×108 t, the 
Tectonopalaeogeography and palaeotectonics
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degree of proven is 9.30%, proven gas reserves is 8 683.07 
×108 m3, and the degree of proven is 7.64% (Kang, 2005; 
Che et al., 2008; Jin et al., 2008; Li et al., 2008). Such a 
low degree of proven reserves has seriously constrained 
oil and gas exploration of the Tarim Basin. 
The Tarim Basin has experienced multi‑stage tectonic 
movements and its final tectonic setting was formed dur‑
ing the Himalayan movement. Its geodynamics was differ‑
ent in different geological periods which led to different 
basin types, basin boundary conditions, basin‑mountain 
coupling models, and different characteristics of tectonic 
stress fields. On the one hand, the characteristics of the 
basin were rebuilt in its early evolution and thus its devel‑
opment in later periods was restricted; On the other hand, 
the changes led to many problems, such as uncertainty of 
the main source rocks, the regularity of hydrocarbon ac‑
cumulation, and the exploration direction. Hence, fine and 
detailed analyses of the original basin are required, and 
the key problems are as follows: (1) how to determine a 
regional unconformity and its composite characteristics at 
different locations of the basin; (2) how to define the key 
periods of tectonic change in basin evolution; (3) how to 
calculate the relative accurate eroded strata thickness of 
the main periods of tectonic change and (4) how to restore 
the eroded strata thickness of the unconformities.
The methods for calculating the restoration thickness of 
eroded strata are generalized as follows: A. Sandstone po‑
rosity method (Ma and Wan, 1991; He et al, 2002; Jin and 
Zhuo, 2006), B. Mudstone acoustic time method (Magara, 
1976; Henry et al., 1996; Li et al., 2003; Fu et al., 2004; 
Han et al., 2004; Ji et al., 2004, 2006), C. Palaeo‑temper‑
ature method (including palaeo‑geothermal gradient meth‑
od, inclusion thermometry method, apatite fission track 
method) (Dodson, 1973; Gleadow et al., 1983; Lastett et 
al., 1987; Tissot et al., 1987; Green, 1991; Kevin, 1991; 
Carver et al., 1994; Brandon et al., 1998; Wang et al., 
1999; Carver et al., 2000; Cederbrom et al., 2000; Kamp 
and Liddle, 2000; Bernet et al., 2001; Zhao et al., 2005, 
2006), D. Vitrinite reflectance method (Dow, 1977; Katz et 
al., 1988; Chen et al., 1999; Lu et al., 2001; Ji et al., 2004, 
2006; Lu et al., 2005; Tong et al., 2005; Huang et al., 2006; 
Qiu et al, 2006; Tong and Wu, 2006), E. Sedimentary rate 
method (including ratio of sedimentary rate method and 
tendency of sedimentary rate method) (Van Hinte, 1978; 
Liu et al., 1995; Li, 1996; Wang and Jin, 1999; Zhang et 
al., 2008), F. Material balance method (Hay and Shaw, 
1989; Metivier and Gaudemer, 1997; Metivier et al., 1998, 
1999; Zhang, 2003; Fu et al., 2005; Huang et al., 2006), 
G. Product of geological age difference and remnant thick‑
ness method (Guidish et al., 1985). These methods are 
used under certain conditions. Methods A, B, C and D are 
only used when the younger strata above the unconformity 
exert a smaller pressure on the underlying uneroded strata 
than the pressure on the underlying uneroded strata exerted 
by the eroded strata above the unconformity. The reason 
lies in the fact that, when the strata are buried, porosity, 
Fig. 1 Map of the structural subdivisions in the Tarim Basin
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compaction, palaeo‑temperature and Ro (Reflectance of 
vitrinite) are irreversible. Considering that the drilling and 
testing data are usually limited and one‑dimensional, for 
the unconformities formed during a single period, as long 
as the research data are of good quality, these methods can 
be used and precise results can be obtained. As for the su‑
perimposed unconformities, they are really quite different, 
since the depositional and eroded records during the early 
periods have been completely destroyed by later tectonic 
movements. It is almost impossible to calculate the erod‑
ed strata thickness of individual stages and to restore the 
paleotectonics. These methods cannot be used in a large 
research area especially in an entire basin. The restriction 
of Method E is that it’s difficult to determine the age of 
the strata. Method F is just applied to discussional studies 
with density data. Method G is used to calculate the eroded 
stratal thickness assuming that the sedimentation rate of 
the eroded strata is equal to that of the remnant strata. 
The other method is an extrapolation method in two‑di‑
mensional or three‑dimensional space according to the 
stratal thickness (Mou et al., 2002; Hu, 2004; Ji et al., 
2004, 2006; Huang et al., 2006; Li et al., 2006; Qiu et
al., 2006; Yang et al., 2006; Li et al., 2007; Zhang et al., 
2007a; Zhang et al., 2008). This method is especially suit‑
able for superimposed unconformities, since the strata re‑
cords are relatively complete in the lower tectonic block, 
and restoration of the eroded strata thickness of an angular 
unconfomity can be accomplished and good results are 
acquired. Thus, this method has been widely used. Cur‑
rently, this method is just a manual task on paper seismic 
profiles, and is not widely used due to its difficulty in 
space closure, low work efficiency and a high error.
Many studies have been carried out on thickness resto‑
ration of the eroded strata in the Tarim Basin and mostly 
were focused on analysis of regional structural belts or for‑
mations (Liu and Zhang, 1999; Qi and Liu, 1999; Zhang 
et al., 2000; Mou et al., 2001, 2002; Li et al., 2003; Hu, 
2004; Fu et al., 2005; Jin et al., 2005; Zhao et al., 2005; 
Li et al., 2007; Zhang et al., 2007a; Zhang et al., 2007b). 
Thus, these are not integrated studies on the thickness of 
eroded strata during key periods of tectonic change in the 
Tarim Basin. 
This study includes the following processes: (1) We took 
the entire basin and strata from the Cambrian as our objec‑
tives. (2) We carried out our studies of stratal interpreta‑
tion and correlation in the entire basin based on the 22 re‑
gional seismic profiles and data from 40 drilling holes. (3) 
We identified the main unconformities and key periods of 
tectonic change. (4) We calculated the total eroded stratal 
thickness of the key periods of tectonic change. (5) Eroded 
strata restoration thicknesses of individual intervals and 
individual stages were undertaken with the Middle‑Upper 
Ordovician and the Early Hercynian as examples. 
2 Geological setting
The Tarim Basin is located between the pal‑Asia and 
Tethyan tectonic domains. It belonged to the pal‑Asia tec‑
tonic domain and was located on the northern margin of 
the Gondwana land: During the Meso‑Cenozoic, it was 
located in the northern Tethyan tectonic domain and was 
controlled by two dynamic systems‑the Tethys and Indian 
Ocean (Ren et al., 1999). The Tarim Basin experienced 
a multi‑cycle tectonic evolution due to the control of its 
structural setting. Different basin types were developed at 
different tectonic stages, but generally, the Meso‑Cenozoic 
continental foreland‑intra‑continent depressional basin is 
superimposed on the Sinian‑Paleozoic marine cratonic 
basin. The Himalayan orogeny controls its most recent 
tectonic‑geomorphic characteristics. The relatively small 
scale of the Tarim cratonic plate, and the frequent and 
strong tectonic movements led to the instability of the Ta‑
rim plate. Hence, a series of important tectonic changes oc‑
curred between the basins with different ages which were 
superimposed on each other. The original basin developed 
in the early period and was superimposed and reconstruct‑
ed by tectonic movements in later periods which changed 
its appearance and texture (Zhang, 1990; He et al., 1998; 
Zhang et al., 1998; Xu, 2002; Zhang et al., 2007c). The 
Sinian Quaternary is developed completely on the Presini‑
an crystalline metamorphic basement. Stratal development 
and distribution are quite different in different areas of the 
basin due to the influence of differential tectonics (Fig. 2).
3 Data sets and methods
3.1 Data sets
Our study is based on the data from 22 seismic profiles 
and 40 drilling holes. The China National Petroleum Cor‑
poration (CNPC) integrated and processed the 22 regional 
two‑dimensional seismic profiles of the Tarim Basin in 
1999 (Fig. 1), and the total length is 46, 000 km.
Drilling well and seismic data complement each other 
and can be calibrated with each other by using synthetic 
seismograms. The stratigraphic unconformities from the 
Sinian to the Quaternary were interpreted, and the corre‑
sponding virtual surfaces (VS, discussed in the following 
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paragraphs) and top virtual surfaces (TVS, discussed in the 
following paragraphs) were interpreted during key periods 
of tectonic change. The identification and understanding 
of superimposed unconformities during different periods 
have been re‑strengthened. Studies have been made on un‑
conformities, restoration thickness of multi‑stage eroded 
strata and tectonic evolution by using virtual extrapolation 
of seismic reflections.
3.2  Standards of identification of unconformities
The identification of unconformities is mainly referenced 
from standards of first‑order and second‑order boundaries 
in Vail’s Seismic Sequence Stratigraphy (Vail et al., 1977, 
1991; Vail, 1987). Unconformities are divided into differ‑
ent orders since they are boundaries of tectonic cycles with 
different orders. The first‑order unconformity is the bound‑
ary of the basin tectonic cycle and is generally a global un‑
conformity. The second‑order unconformity is the boundary 
of the basin evolution stage and is generally a regional un‑
conformity. The third‑order unconformity is the boundary 
of the third‑order sequences. The division of unconformity 
orders is somewhat subjective since the division depends 
on the recognition of tectonic cycles. Only regional tectonic 
deformational unconformities can be first‑ and second‑order 
unconformities which provides an objective standard for 
identification of unconformity order.
3.3 Thickness restoration of eroded strata by using 
virtual extrapolation of seismic reflection
When backstripping is made to the unconformity, it 
cannot be continued to the underlying strata. The current 
human‑computer interaction interpretation of workstation 
cannot carry out the thickness restoration of eroded strata 
and establishment of a virtual surface (VS) based on the 
stratal thickness tendency method. Thus, it is feasible to 
calculate thickness restoration of eroded strata of mul‑
ti‑stage superimposed unconformities by using seismic 
interpretation in a workstation which can take advantage 
of advanced technologies including extracting trace and 
compression display, flattening, spatial closure deviation 
correction, planar interpolation gridding and automatic 
mapping. The stratigraphic and sedimentary records ob‑
tained from seismic profiles can be used and a more rea‑
sonable and more effective restoration of the erosion his‑
tory of multi‑stage superimposed unconformities can be 
carried out. Furthermore, tectonic simulation and calcula‑
tion of eroded thickness can be conducted. The method 
of VS extrapolation was proposed by the authors in this 
study (Fig. 3). The completely preserved top boundary 
under the superimposed unconformity, and the individual 
eroded thicknesses, the virtual original stratal surfaces are 
restored. In detail, analysis of virtual surfaces is divided 
Fig. 2 Sketch of strata development characteristics in the Tarim Basin (modified from He et al., 1998)
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into virtualization of certain layer surfaces and certain 
layer top surfaces.
 (1) Virtualization of a layer surface is to reconstruct 
the spatial distribution of a particular layer surface when 
it is not eroded yet. The layer surface is usually the be‑
ginning of strata deposition during a certain geological 
period. The strata are eroded due to tectonic movements 
such as stratal tilt, folding, uplift, etc. Since there is no 
unconformity between the surface and its overlying strata, 
it is important to recognize the texture of the overlying 
strata (stratigraphic and sedimentary records). The seis‑
mic reflection characteristics of the completely preserved 
overlying strata (such as parallel‑sub‑parallel, scatter, to‑
plap, onlap, and so on) must be identified and virtual ex‑
trapolation of the surface must be conducted in the eroded 
area (Fig. 4). Meanwhile, restoration of VS should be 
conducted from young strata to the old strata. According 
to this principle, virtualization of layer surface has been 
carried out from T2 (the base of the Quaternary) to Tg8 
(the base of the Cambrian) (Fig. 5).
 (2) Virtualization of the layer top boundary refers to 
restoration of the top boundary of a layer after the end of 
its deposition but before it is eroded during a certain geo‑
logical period. The top boundary of the layer represents 
the end of strata deposition and is similar and can be cor‑
related with the texture (stratigraphic and sedimentary 
records) and spatial distribution of the underlying strata 
which are deposited during the same period. Restoration of 
the layer top boundary thus should consider seismic reflec‑
tion features (such as parallel‑sub‑parallel, scatter, toplap, 
onlap, and so on) of the strata below the boundary (Fig. 
4). Thickness restoration of eroded strata should be carried 
out from old strata to young strata. Virtual restoration of 
layer top boundaries during several key periods of tectonic 
change has been carried out in the Tarim Basin including 
the top boundaries of the Ordovician, Devonian, Permian, 
Triassic, Jurassic and Cretaceous (Fig. 6)
4  Identification of the main unconfor‑ 
mities and superimposition of uncon-
formities of the Tarim Basin
In this study, we have interpreted over 10,000 km of 
seismic profiles, and made calibrations with the strata divi‑
sions from over 40 drilling wells. In total 20 unconformi‑
ties were interpreted (Table 1) and 15 important first‑ and 
second‑order regional unconformities were identified, 
which, respectively, corresponded to a certain tectonic cy‑
cle or tectonic stages (Table 2, Fig. 7).
A superimposed unconformity is formed by stacking 
and superimposition of unconformities of different peri‑
ods. The superimposed basin is characterized by its super‑
imposed unconformities which are formed when the under‑
lying unconformity is also eroded due to strong erosion in 
later stages. The main unconformities of the Tarim Basin 
are almost all superimposed unconformities. As one of the 
typical characteristics of a superimposed basin, superim‑
posed unconformities are widely developed in the Tarim 
Basin (Fig. 7). The superimposition of the unconformities 
is different at different locations of in the basin.
The seismic reflection characteristics in Figure 5 indicate 
that the Central Uplift of the Tarim Basin is characterized 
by three unconformities including the Middle Caledonian 
(late stage of the Ordovician), Late Caledonian (late stage 
of the Silurian) and Early Hercynian (late stage of the Mid‑
dle Devonian). The Northern Uplift of the Tarim Basin is 
characterized by four unconformities including the Middle 
Caledonian (late stage of the Ordovician), Late Caledonian 
(late stage of the Silurian), Early Hercynian (late stage of 
the Middle Devonian) and Late Hercynian (late stage of the 
Permian). The Southwest Uplift of the Tarim Basin is char‑
acterized by four unconformities including the Late Her‑
cynian (late stage of the Permian), Indosinian (late stage of 
the Triassic), Early Yanshanian (late stage of the Jurassic) 
and Late Yanshanian (late stage of the Cretaceous). The 
East Uplift of the Tarim Basin is characterized by devel‑
oped eight unconformities including the Keping (late stage 
of the Sinian), Middle Caledonian (late stage of the Ordo‑
vician), Late Caledonian (late stage of the Silurian), Early 
Hercynian (late stage of the Middle Devonian), Late Her‑
cynian (late stage of the Permian), Indosinian (late stage of 
the Triassic), Early Yanshanian (late stage of the Jurassic) 
and Late Yanshanian (late stage of the Cretaceous).
5 Key periods of tectonic change and 
their characteristics in the Tarim Basin
Since the Cambrian, the Tarim Basin has experienced 
six basin evolution cycles (Table 2) corresponding to five 
key periods of tectonic change.
5.1 The Middle Caledonian Period in the Late 
Ordovician
This is a transitional period from the Early Caledonian 
cycle to the Late Caledonian cycle which corresponds 
approximately to the formation period of the Tg5 un‑
conformity. There is an obvious regional unconformity 
between the Ordovician and Silurian which has a much 
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Table 1 Main geological boundaries and unconformity features in the Tarim Basin. First‑ and second‑order boundaries are identi‑
fied in the table.
Strata system
Seismic 
boundary
Boundary characteristics Boundary order Tectonic movement
Quaternary T2 Regional angular unconformity First‑order Epoch II of Himalayan
Neogene
N
2
T3 Local angular unconformity Second‑order Epoch II of Himalayan
N
l
T5 Local overlapping unconformity
T6
Marginal baselap and top erosion Second‑order Epoch I of Himalayan
Paleogene
E3
T7 Local overlapping unconformity
E
l‑2
T8 Regional angular unconformity First‑order Late Yanshanian Movement
Cretaceous
T821 Local angular unconformity First‑order Early Yanshanian Movement
Jurassic
T83 Regional angular unconformity First‑order Indosinian Movement
Triassic
Tg Regional angular unconformity First‑order Late Hercynian Movement
Permian
P
2
Tgl Local overlapping unconformity Second‑order
P1
Tg2
Parallelling unconformity Second‑order
Carboniferous
Devonian
Tg3 Regional angular unconformity First‑order
Early Hercynian Movement
Silurian
S3
Tg4 Pseudoconformity
S
2
Tg41 Local overlapping unconformity Second‑order
Ending of Caledonian Move‑
mentS1
Tg5 Regional angular unconformity First‑order
Late Caledonian Movement
Ordovician
O
2‑3
Tg51 Local overlapping unconformity Second‑order Early Caledonian Movement
O
l
Tg6 Local angular unconformity
Cambrian
€3
Tg61 Toplap Second‑order
€
2
Tg7 Conformity
€1
Tg8 Regional angular unconformity First‑order Keping Movement
Pre‑Cambrian
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Table 2 Tectonic evolution, basin evolution stages and tectonic cycles of the Tarim Basin
Strata system
Seismic 
boundary
Tectonic movement
Basin evolution
stages
Basin evolu‑
tion cycles
Tectonic movement 
cycles
Quaternary
T2 Epoch III of Himalayan
Intracontinental foreland 
basin
Cycle 6 Himalayan
Neogene
T3 Epoch II of Himalayan
T5
T6 Epoch I of Himalayan
Paleogene
T7
Intracontinental depre‑
ssional basin
T8
Late Yanshanian move‑
ment
Cretaceous
Intracontinental depre‑
ssional basin
Cycle 5 YanshanianT821
Early Yanshanian 
movement
Jurassic
Rift‑intracontinental 
depressional basin
T83 Indosinian
Triassic
Intracontinental foreland 
basin
Cycle 4
Hercynian‑Indosinian
Tg
Late Hercynian move‑
ment
Permian
Rift retro‑arc foreland 
basin
Cycle 3Tgl
Tg2
Carboniferous
Craton margin depre‑
ssional basin
Devonian Peripheral foreland basin
Cycle 2
Caledonian
Tg3
Early Hercynian move‑
ment
Silurian
Craton margin depre‑
ssional basin
Tg4
Tg41 End of Caledonian
Tg5
Late period of Caledo‑
nian
Ordovician
Compressional‑depre‑
ssional basin
Cycle 1
Tg51
Early period of Caledo‑
nian
Craton margin aulacogenTg6
Cambrian
Tg61
Tg7
Craton margin depre‑
ssional basin
Tg8 Keping movement
Pre‑Cambrian
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Fig. 3 Indication of virtual surface of multi‑stage superimposed unconformity. The unconformity is indicated by two surfaces, one is 
a subsurface, i.e. the bottom boundary of overlying strata with a relatively new age which is the surface that currently exists (bottom 
surface of a certain interval); The other is a virtual surface (top boundary of a certain interval before being eroded), which is the original 
surface of underlying strata with a relatively old age and a shallower location than the subsurface. The part between these two surfaces 
is the eroded strata. As for the multi‑stage superimposed unconformity, when the late unconformity erodes the early unconformity, the 
eroded unconformity is indicated by two virtual surfaces.
larger scale than other unconformities in the Central Uplift 
of the Tarim Basin. The regional unconformity is widely 
distributed in the whole basin and the eroded thickness 
is quite large in the North Uplift and south area of the 
Tarim Basin (Fig. 8). In the Early Caledonian cycle, the 
original basin changed from a cratonic margin aulacogen 
depression to a peripheral foreland basin which formed 
a typical Wilson Cycle. In the Silurian‑Devonian period, 
another complete basin tectonic cycle from a cratonic 
margin depression to a peripheral foreland basin was 
formed. Obviously the tectonic setting changed greatly 
during the period from the Early Cambrian to the Late 
Ordovician based on correlation of the structural maps of 
the Cambrian bottom boundary between the Early Cam‑
brian and Late Cambrian (Fig. 9).
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Fig. 4 Sketches showing the different seismic reflection characteristics and extrapolation of virtual surface in the interior of the strata
Fig. 5 Diagrams showing the virtualization process of interval 
surfaces. A is the current geological section, B-G is the by‑stage 
virtualization results for individual interval surfaces; solid lines in 
the diagram are subsurfaces which currently exist; dashed lines 
are virtual surfaces inferred from the seismic data.
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5.2 The Early Hercynian Period in the Late Devo-
nian
This is a transitional period from the Late Caledonian 
cycle to the Hercynian cycle which corresponds approxi‑
mately to the formation period of the Tg3 unconformity. 
Tg3 is widely distributed and has been intensively eroded 
(Fig. 10). Above and below the unconformity, the struc‑
tural and sedimentary characteristics are quite different. 
In the Late Caledonian period, the main original basin 
changed from a Silurian cratonic margin depression to a 
Devonian peripheral foreland basin. Then, an evolutionary 
succession from a cratonic margin depression to a back‑arc 
foreland basin was formed during the Hercynian cycle.
5.3 The Late Hercynian Period in the Late Permian
This is a transitional period from the Hercynian cycle 
to the Indosinian cycle which corresponds approximately 
to the formation period of the Tg unconformity. The Tg 
unconformity has a much larger distribution area than the 
current area and has been intensively eroded. Above and 
below the unconformity, the structural and sedimentary 
characteristics are quite different (Fig. 11). From the Car‑
boniferous to the Permian, a tension‑extrusion cycle was 
formed during which tectonic setting changed from a cra‑
tonic margin depression to a back‑arc foreland basin. The 
Triassic is generally considered as forming an independent 
tension‑extrusion cycle of a back‑arc foreland basin. 
5.4 The Indosinian Movement in the Late Triassic
This is the transitional period from the Indosinian cycle 
to the Yanshanian cycle which corresponds approximately 
to the formation period of the T83 unconformity. Similar 
to the Tg unconformity, it is also a typical composite un‑
conformity with strong erosion degree and a large distri‑
bution area which is rather obvious in the southwest and 
southeast Tarim Uplifts (Fig. 12). The strata occurrence 
in the whole basin changed markedly above and below 
the unconformity. The Triassic is characterized by a fore‑
land basin in which the strata are thicker in the north and 
Fig. 6 Diagrams showing the virtualization process of the 
top boundary of intervals. A is the present geological section, 
B-G are the by‑stage virtualization results of the top bounda‑
ries of each interval before erosion.
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thinner in the south. In the Jurassic, the subsidence center 
shifted toward the northeast Tarim Uplift, while the dip 
direction tendency line changed from south‑north to a 
northeast direction. 
5.5 The Late Yanshanian Movement of the Late 
Cretaceous
This is a transitional period from the Indosinian‑Yan‑
shanian cycle to the Himalayan cycle which corresponds 
approximately to the formation period of the T8 uncon‑
formity. The T8 unconformity is the largest and most obvi‑
ous regional unconformity of the upper strata in the Tarim 
Basin with an intensive erosion degree and a large distribu‑
tion range (Fig. 13). The underlying Triassic‑Jurassic‑Cre‑
taceous constituted a basin tectonic cycle characterized by 
an intracontinental depression while the overlying Ceno‑
zoic forms the typical intraplate composite foreland basin 
with a rather different tectonic style.
Fig. 7 Sections showing the seismic reflection characteristics of the main unconformities in the Tarim Basin. In total, 15 first‑and 
second‑order unconformities have been identified from the Cambrian to the Paleogene corresponding to changes in different tectonic 
movements.
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6 Thickness restoration of eroded stra-
ta of the main unconformities during 
key periods of tectonic change in the 
Tarim Basin
As for superimposed unconformities, the unconformity 
formed in the early period is again eroded during the late 
period of tectonic movement, hence, the eroded thickness 
of individual periods needs to be decomposed from the 
total eroded thickness. Correspondingly, the total eroded 
thickness of the interval should be decomposed as the 
eroded thickness in individual tectonic movements, i.e.
by stage. Otherwise, the eroded thickness of individual 
stratigraphic units in a single stage of tectonic movement 
should be identified, i.e. by interval. Thickness restoration 
of eroded strata thickness by stage and by interval is obvi‑
ously more difficult than total thickness restoration of the 
eroded thickness.
6.1 Total thickness restoration of the eroded strata 
of the main unconformities in the Tarim Basin
The total eroded stratal thickness of the main uncon‑
formities was determined in the Tarim Basin and included 
the Caledonian, Early Hercynian, Late Hercynian, Indosin‑
ian, Early Yanshanian, and Late Yanshanian unconformi‑
ties. Figure 14 indicates the erosional characteristics. The 
Middle Caledonian unconformity formed in the Late Or‑
dovician was obviously controlled by the southeast Tarim 
structural belt and its associated central Tarim Basin fault 
system whose eroded thickness was mainly distributed in 
the southeast and central areas of the Tarim Basin. The 
northeast Tarim Basin is also characterized by its intensive 
degree of erosion. The largest eroded thickness of this un‑
conformity is 1900 m, located in the South Tarim Uplift. 
The Early Hercynian unconformity formed in the late stage 
of the Middle Devonian, is mainly controlled by the south‑
east Tarim structural belt, whose eroded thickness is cen‑
tralized in the southeast and north areas of the Tarim Basin. 
The degree of erosion is obviously weaker in the central 
Tarim Basin. The largest eroded thickness of this uncon‑
formity is 1700 m and is located in the South Tarim Uplift.
The Late Hercynian unconformity formed in the Late 
Permian, whose eroded thickness is mainly distributed in 
the south and north areas of the Tarim Basin, is obviously 
controlled by the internal extrusion of the East Kunlun and 
South Tianshan tectonic belt toward the Tarim Basin. The 
largest eroded thickness is 1200 m which is located in the 
Fig. 8 Sections showing the characteristics of unconformity Tg5 in Central Uplift. The seismic profile indicated that this surface was 
a typical onlapping and truncating unconformity. Due to the control of the reverse fault along the uplifting belt, the strata in the hanging 
wall were uplifted and experienced intense erosion. The truncating points are very clear along the two flanks of the uplift.
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North Uplift and South Tarim Uplift.
The Indosinian unconformity formed in the Late Tri‑
assic whose eroded thickness is mainly distributed in the 
southwest and southeast areas of the Tarim Basin, reflects 
an obvious arc‑like uplift of the southern area of the whole 
basin. Its origin may be attributed to the fact that the South 
Tianshan tectonic belt strongly extruded the Tarim Basin 
to the south, which led to the formation of the intraconti‑
nental foreland North Tarim Basin; while the southwest 
and southeast of the Tarim Basin became its frontal uplifts. 
The largest eroded thickness of this unconformity is 2800 
m and is located in the South Tarim Uplift.
The Early Yanshanian unconformity formed in the Late 
Jurassic, whose eroded thickness is mainly distributed in 
the southwest Tarim Basin, is obviously controlled by the 
west Kunlun structural belt. The largest eroded thickness 
of this unconformity is 1400 m and is located in the South 
Tarim Uplift.
The Late Yanshanian unconformity was formed in the 
Late Cretaceous, and inherited the characteristics of the 
Early Yanshanian unconformity whose eroded thickness 
is mainly distributed in the southwest Tarim Basin and is 
Fig. 9 Structural maps of the bottom boundary of the Cambrian in the late stage of the Early Ordovician and the late stage of the 
Late Ordovician. There are major differences in the base structural framework. A-Isopach map between Tg51 and Tg8, indicating the 
structural features of the bottom boundary of the Cambrian in the late stage of the Early Ordovician; B-Isopach map between Tg5 and 
Tg8, indicating the structural features of the bottom boundary of the Cambrian in the late stage of the Late Ordovician.
162 Oct. 2012JOURNAL OF PALAEOGEOGRAPHY
Fig. 10 Characteristics of the Tg3 unconformity adjacent to the North Uplift. The characteristics of the unconformity are obvious on 
the seismic profile, and obviously truncation occurred towards the underlying Ordovician‑Devonian.
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mainly controlled by the west Kunlun structural belt. The 
largest eroded thickness of this unconformity is 2100 m, 
and is located in the South Tarim Uplift.
6.2 By-stage restoration of eroded thickness of the 
main strata: Taking the Middle-Upper Ordo-
vician as an example
By‑stage thickness restoration of the eroded strata 
of the main strata was carried out and the eroded thick‑
ness was calculated during the different tectonic move‑
ments. For example, the total largest eroded thickness 
of the Middle‑Upper Ordovician was 4070 m, and the 
East Tarim Uplift was the main erosional area. The strata 
underwent the most intensive erosion during the Middle 
Caledonian period. Most areas of the basin underwent in‑
tensive erosion, and the South Tarim Uplift underwent 
Fig. 11 Characteristics of the Tg unconformity adjacent to the North Uplift. The seismic reflection profile indicated that the uncon‑
formity had a very strong erosional influence on the underlying strata.
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the most intense erosion with an eroded thickness of up 
to 1900 m. In the Early Hercynian period, the eroded 
thickness was mainly concentrated in the East Tarim Up‑
lift and was up to 1500 m; during the Late Hercynian pe‑
riod, erosion became less intense and the largest eroded 
thickness was 600 m, which was mainly concentrated in 
the East Tarim Uplift. Erosion still mainly occurred in 
the East Tarim Uplift until the Indosinian period, with 
an eroded thickness of 1100 m and the eroded area obvi‑
ously expanded. During the Early Yanshanian movement, 
erosion occasionally occurred, while after that time, there 
was no further erosion. The by‑stage eroded thickness 
Fig. 12 Characteristics of the T83 unconformity adjacent to the East Tarim Uplift. The seismic reflection profile indicated that the 
unconformity had a very strong erosional influence on the underlying strata and even an influence on the Triassic‑Ordovician.
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distribution is shown in Figure 15.
6.3 By-interval thickness restoration of eroded 
strata of the main unconformities: Taking the 
Early Hercynian unconformity as an example
By‑interval restoration of the eroded thickness of the 
main unconformities was carried out to determine the 
percentage of individual strata holding in the total eroded 
thickness. As for the Early Hercynian unconformity, its to‑
tal eroded thickness is distributed widely in the whole ba‑
sin and the largest thickness of 1700 m was located in the 
South Tarim Uplift. The Devonian underwent widespread 
erosion and its largest eroded thickness of 700 m was main‑
ly concentrated in the South Tarim Uplift. Eroded strata of 
the Upper‑Middle Silurian is distributed surrounding the 
Central Depressional belt whose largest eroded thickness 
is about 400 m and is located in the East Tarim Uplift. 
Eroded strata of the Lower Silurian is distributed out‑
side the eroded area of the Middle‑Upper Silurian, with a 
smaller distribution area and the largest eroded thickness 
Fig. 13 Characteristics of the T8 unconformity adjacent to the Central Uplift. The seismic reflection profile indicated that the uncon‑
formity had a very strong erosional influence on the underlying strata, among which the Jurassic and Cretaceous were entirely eroded 
along the Central Uplift belt.
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mainly concentrated in the Kuqa Depression of the north‑
ern Tarim Basin. The eroded area of the Upper‑Middle 
Ordovician is obviously larger than the Silurian and was 
mainly located in the southeast and southwest areas of the 
Tarim Basin, with the largest eroded thickness of 1100 m, 
located in the East Tarim Uplift. See in Figure 16 for  its 
erosional characteristics. 
7 Discussions
Earlier researchers have made many advances in the 
division of stages of tectonic evolution and the tectonic 
cycles of the Tarim Basin (Tang, 1997; He et al., 1998; 
Yang, 2005; Zhang et al., 2007c; Jin et al., 2008), while 
their conclusions are not absolutely consistent.
A basin evolution stage refers to a period during which 
the basin dynamic mechanism is relatively stable. A basin 
evolution cycle refers to the many basin evolution stages 
which are developed regularly and one after another. A key 
period of tectonic change refers to a period when the dy‑
namic character and sedimentary environment of a basin 
change greatly, which corresponds to a transitional period 
of a basin tectonic cycle. 
We consider that basin evolution is represented by a set 
of superimposed associations of the original basin with 
the internal genetic relationships. Generally, a great tec‑
tonic movement occurs between the basin evolution cycles 
which has greatly changed the dynamic mechanism of the 
basin.
A key period of tectonic change in a basin is represent‑
ed by an important regional unconformity and the great 
changes of tectonic and sedimentary characteristics above 
Fig. 14 Total thickness restoration of the eroded strata of the main unconformities in the Tarim Basin
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and below the unconformity, especially the great change of 
associated characteristics of the original basin. As a result, 
the authors have restored the associated successions in the 
original basin and its dynamic mechanism above and be‑
low the important unconformities. The research methods 
include taking the identification of important regional un‑
conformities as an entry point, the analysis of sedimentary 
evolution as a basis point, the analyses of tectonic defor‑
mation as a key point (especially the changing degree of 
the uplift‑depression framework), and also, the plate tec‑
tonic setting and deep tectonic conditions are taken into 
consideration. Accordingly, the key periods of tectonic 
change are identified. The key periods of hydrocarbon ac‑
cumulations should also be considered.
On the basis of advances by earlier researchers, com‑
bined with the above‑mentioned five principles, the key 
periods of tectonic change in the Tarim Basin are identified 
preliminarily. The evolution of the Tarim Basin since the 
Cambrian can be divided into six cycles corresponding to 
five key periods of tectonic change.
After the multi‑stage erosion process, the tectonic set‑
ting was complex and the original surfaces were eroded. 
It is difficult to restore the thickness of the original strata, 
thus it is impossible to locate the marker beds and other 
underlying eroded strata from that period. The method of 
virtual extrapolation of seismic reflections in this study re‑
fers to the restoration of top and bottom boundaries in the 
eroded area according to the seismic reflection texture of 
the surface (such as the internal reflection characteristics 
of parallel‑sub‑parallel, scatter, toplap, onlap, and so on), 
which is carried out on the completely preserved strata 
under the superimposed unconformity. Schlumberger’s 
Geoframe software is fully used to make spatial closure 
interpretations of virtual surfaces, so as to carry out a more 
reasonable extrapolation of virtual surfaces.
Obviously, the key to establishing a virtual surface lies 
Fig. 15 Total eroded thickness and by‑stage eroded thickness of the Middle‑Upper Ordovician
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in restoration of the eroded strata thickness of individual 
stratal units in individual tectonic movements and when 
individual virtual surfaces are restored, it is easy to cal‑
culate them by stage and by interval eroded strata thick‑
nesses. Virtual surfaces provide a framework reflecting the 
stratal surface relationships in the multi‑stage erosional 
condition, and the method of restoring the eroded stratal 
thickness is the key in establishing a virtual surface.
8 Conclusions
Interpretations have been made on over 10,000 km of 
regional seismic profiles, combined with calibration with 
strata from over 40 drilling wells. In total 20 unconformi‑
ties were interpreted and 15 important first‑order and sec‑
ond‑order regional unconformities were identified.
Almost all of the main unconformities of the Tarim Ba‑
sin are superimposed unconformities. Unconformities in 
the Central Uplift are characterized by superimposition of 
the Middle Caledonian (Late Ordovician), Late Caledo‑
nian (Late Silurian) and Early Hercynian (late stage of the 
Middle Devonian); and superimposition of the Middle Cal‑
edonian (Late Ordovician), Late Caledonian (Late Ordovi‑
cian), Early Hercynian (late stage of the Middle Devonian) 
and Late Hercynian (Late Permian) unconformities in the 
North Uplift of the Tarim Basin; superimposition of the 
Late Hercynian (Late Permian), Indosinian (Late Triassic), 
Early Yanshanian (Late Jurassic) and Late Yanshanian 
(Late Cretaceous) unconformities in the Southwest Tarim 
Uplift; and superimposition of the Keping (Late Sinian), 
Middle Caledonian (Late Ordovician), Late Caledonian 
(Late Silurian), Early Hercynian (late stage of the Mid‑
dle Devonian), Late Hercynian (Late Permian), Indosinian 
(Late Triassic), Early Yanshanian (Late Jurassic) and Late 
Yanshanian (Late Cretaceous) unconformities.
Restoration of the total eroded thickness of the main 
Fig. 16 Total eroded thickness and by‑interval eroded thickness of the Early Hercynian unconformities
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unconformities was carried out, including the Middle Cal‑
edonian, Early Hercynian, Late Hercynian, Indosinian, 
Early Yanshanian and Late Yanshanian unconformities. 
The total eroded thicknesses of different periods are quite 
different in different areas of the basin.
By stage restoration of the eroded thickness of the main 
strata was carried out taking the Middle‑Upper Ordovi‑
cian as an example, and the eroded thickness in individual 
structural movement periods was calculated. By interval 
restoration of the eroded thickness of the main unconform‑
ities was also conducted taking the Early Hercynian un‑
conformity as an example to determine the percentage of 
individual strata of different ages holding in the total erod‑
ed thickness. The results indicate that the degree of erosion 
of the same stratum is quite different due to the different 
tectonic influence in different periods and at different loca‑
tions. An unconformity in a certain period has a quite dif‑
ferent influence on the degree of erosion of the underlying 
strata of different periods; and it also has a different influ‑
ence on the erosional range of the underlying strata, which 
reflects the typical characteristics of multi‑stage superim‑
position of unconformities in the Tarim Basin.
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